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4* - t X&W&gr 

((Avalanche Photodetectors • APD) <> t£ >t&4it #'Jfi ^ : 

(absorption) • $ --^ft • ffl a^t^t^*, ' 

^-(carrier) ; - % if ^(multiplication) » ^J*,^^#$E9^#ft • 4£ 

£fl-?-ajR3*afc.*.«>7!L : -ife&ittMif* (field buffer layer) • 

+ €J##M2ig*i># : J-U-WII (drift layer) . 

#ff ' jt*.i$frtt3tift«.flf* (field buffer layer) J& # 
(absorption)^ W » ffl aPH&lES- • 

An avalanche photo-detector (APD) with high 
saturation power, high gain-bandwidth product, low noise, 
fast response, low dark current is disclosed. The avalanche 
photo-detector (APD) having a multi-layered structure 
includes: an absorption layer with graded doping, a undoped 
multiplication layer, a undoped drift layer sandwiched 
between the absorption layer and the multiplication layer for 
reducing the capacitance, and a field buffer layer 
sandwiched between the drift layer and the multiplication 
layer for concentrating the electric field in the 
multiplication layer. 
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sift* ® & : m (4)- 

<^ )^ ft & m it # <ft ^ # ^ $ ^ b£ : 

411 H © B ?L 

430 m#># 

450 £J*A 470 n^Jf^^i 

490 Lfe 



410 p^Jf^^4 
420 ^.Tfe,^ 
440 

480 1£ fi^ 
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3& - * 91 t£ a/3 : 

^ # «yi -ft M ^ - 5ft & $J II ' X* & — 3t i§ ffl ^ f$ it -k 
3£.m&m t 3&i5Z-Jl3*tofk & *I it ((Avalanche 
5 Photodetectors » APD) » 

[ & n & m ] 

?> *# $ ># it 4fc $J H (Avalanche Photodetectors, APD)^t 
2.5GHz ^ 10GHz M % #J & Mi, Si. ft t & & & £ H 15" 
10 J##±>ft-H*£-#*fcifti*. p-i-n -fit «| i^tMlTt 
• A 6*1 %L & & > it & - * A A # # # * t ° *° 13 «■ * ** & # * 
^ $1 ^ <S Jt, It (photo-transistor, HPT) 4a tb ' APD # #5. A 
6*1 it & * SI » ti » ffij J. # * ft flfc 4fr * Jl T If - B^p ft (fall 
time)<et & i|L ffil ftl t£ (eye-diagram test) » & i& ii. -ft 1$ 
15 „"« 4b M ft -L *P 54 *fc HPT & # ffl • fln&it-^SE^&g&iaif 

* * • »/»fl&4L#m*tlti«r*flHll**«*» (APD)Kj & 

- ^ I?] a* jUb $t ^ ^ ft # - 

* * Jfe * * A ^ # M * ft * * fttt-ttttefc^sfrtfr&Sp 
#.4*&*«7t#-£E.5fc*lliate-fc Wt 1.3-1. 55|im)#'li 
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it $ >t # £ aif- . <t -f- - € >r #j m m & m a & £ * $ • & 

ft *>? B a a # # t 99%a _L 6^ ^ ^ ^ ^ ^ ib t • ilb ^ # '14 
^ ( Si based) # £ *g $ >f £'] H (APD) > 

5 ^7t#€^X^-t-^^-^^^^^=.i^^^^.( III-V 
- based) #j APD &j 4k % • &ffij^#J&&#&Spte4?-a#JIi 
#J APD & * «■ jfc 4ft i& -ft * *. * m Bl M • *» *T Af & ' 
^ T ^ & >f@ ft M > # InGaAs % & »& # # #1 ffl & Bl 
fi* ^ (Wafer Bonding)^ m $h & _L Si g if $ >t # ^ ^ 
10 «.«t. $ >t APD » fcl*> & >fr * B -#-*'] U. S. Pat. 

No. 6465803 InGaAs Si ^ APD 

( InGaAs fused Si APD ) A ° ,1 ft t a a a B ^ ^ (Wafer 
Bonding) # to # ^ - # & * fc ' ' & «* 

• <t3H • Si ifo InGaAs m $V $k fft # *t ^ I 5 ! wafer ^ & 4^ # 
15 <|± • - jL*t**Sfc*b#* • #-*tteffl^#^-£&«.&# 
ji «^ 4; X it # #44 ' it ffl £itl# fc-fc # APD & *o 
U. S. Pat. No. 6459107 $-*>]/9fi£»£&dS— *ft#r« « SiGeC 
**L**tt*Sfe**.**f***4* *l H • 4: tt JR if Jffi >t 
& 4* SKI 8*}j»**»#'rlF€*ifo*^tt«S. ' -S- SiGeC & 

% m m - 
[ # in * * 3 
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# 44 -T f SL # £ if A >t * <* »J £ ( APD ) • # £ A ^ * 

5 & it & -t i4t a # ' *• # m % n nn >t & <* «I is ( apd ) • 

: — & °& M (absorption) • fo% % — -f $ It ' ffl « °# 
^ ^ 4L jfc ' it # & £ ft (carrier) ' 3. i& & ■& $ 
- (absorption)^ #r ^ 4 ## (graded doping) a $L it — ft 5fc € 
J# : —%%Jk (multiplication) — ^ ft ' 

10 «#^t-f«Iit^At^ ! - il^ttl (field buffer 
layer) • ' J- & ft i£ & «. & # & « JK * 

ffl » ffl a ^ <fe « » #t«*^«-3RJt>l I « A - U & 
J% (drift layer) ■ #, ^-^##4i^E9^^|t ' 
it & #r # (field buffer layer)|a- t £ & >&. >§ (absorption)^ 
15 fMii«^ftt$' 

+ ' * - * * It ' ^^-^^It^^ 

ra-^^-sfsrisjB^^xi^ - =. s. & & <k - & m - m 

^ ^ -f ^ ft # # • ' - + * It ' $ -H- 

=- * * It «t ft A 9 - tf- € 35! (#J * p S! ) ' m it # X * * 
(multiplication)^ ft & # ~ t£ « (04 *» ng! ) ' $ — 

4- ^ It if * > fr%&*$®.U®%$L4k ° 
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[ t * A 1 

*■ # B £ I *f $ >t 5fe « »J 8 (APD)^T iS # Mb it & ^ - 
£-^ft>#>&£~^ftJi ' ffiait#jtt£iit*ifc#.i|fc*jfc 
' & t # (absorption)^ £ - t£ ft ># 

5 2Lt&ta.&& (drift layer)4L W » XttJRif4Hfc*M*#.=- * ft 
II II illl ^#f|(field buffer layer)^ M - # H £ % $ 
># * <* *l IS (APD)^ f > J-X St iL - ft 

3t ^ t ^ • J-Xp^^i'l^|^#J ' # # & # it & a a a 

| £ & ^ - ft m A I & W 4L - 2f & & • ^t^I^ 

io jh >* * ik m t§ (apd)^t 

— tf- 1 » (absorption)^ #Mg|-i^|ltg 

ft & % (drift layer)^ ffl ' l^^lft^S^^MA 
« & %Litkm% (field buffer layer)^ ft • 4^ # ^ S *# & 
^ »J S3 »T & # Afc £ & ^ - ^ - £ * «■ 4fc to. A - 9 — ># 

15 &4t<fcte»&ttt*«.'lfc* (absorption) A f£ g if I 
(multiplication)^ & £&£Ltt&tfB.£L%~%gL 
M tit*- til ' &4k&t&%~ Jit Bl*A 4k 

- & & ^ ^ A ^ Sl m tit ° ^ # W % if $ >t & *l 8S it 
# Ifc It & & - fti ii 9. Jt ^. € )R 5fc 5R >i 322 (relaxation 

20 layer)' ffl a ft «5 & >& ># (absorption) • liit&t*& 
& >f (absorption) A t* £ — £ ft # ' « *B & t£ & & # 
(absorption)^ 5& ^ € >l=) S. i% % - ^ ft # ' H & t£ € SRI 3& 
m I ^ P + -Ge > P+-SiGe - # a ^ JR ^ * ifc li ^ ^ «. 
«L I (absorption) • t # # & %L ik Jk % M St * # # 
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(graded doping) a U & - ft 3t € J# ' tfe t ^ # ^ • «T «. 
€ -fc «. * 60 # Ifr Bfr ft • **UX*tfJHjt*4laill & «. 

- -f ^ It # * % • * T it & a *9 Ja * **Sl ' 4& U ft & 60 
5 1k$b ' M h a Si*Si x C,. x ^ & P* ffii « Si x Ge,. x 
& # 60 * # & 4 b b b ' **aSi*Si x C,. x ^<feI**ift' 
Jfc ># (cap layer) ft a Ge % # # 60 * £ £ ' £■ + 0<x<l • ^ 

# «« % Jf m ># * 4* *l ' g ^ ># 
(multiplication)' f£ & m. #x ># (field buffer layer) > 

10 (drift layer)^T I^Qf^ra^^^lt^ra^^^^^^r ' & 
l§]8^^=.i^-^^«ft^,=.i^4-^«t^^ ° * *J * «. * * 
W % if A >t & <* «I H 60 & >f (multiplication) ^ ^ # # 
• i&m,& M (drift layer) )|5jB^^^##^^>f > J. 
t£ it ift**.«r# (field buffer layer) |S) Bf % p3U & nf! # m 

15 ^ ^ ' & & n & °& & M % p 5! InGaAs > 3. i& m. & ft (drift 
layer) ft B# 4, ^ $~ & ^ InP • f£ i& & #f # (field buffer 
layer) ISJ Bf ^ p 32 InAlAs - 

InAlAs ' f£ ^fe^T -%n^ ^InPi& & - & n^ 60 InP^ $- fft M 
fa _h - « # 60 InP* & • # a £ JR **J!H**'fl*j*IS*.t*ifc 
20 ^ 4t 3" ft & «L f'J ' *t A ^ «■ 3" ft * ^ * ^ # ^ -f 1 
Mr ^ ft ^ JL ' i£ ^ £ JL ' -f - # «, Sfi. ^ e • * # «« JR 3f # 

>t it ^ h (apd) m * 60 ^ B a B ># # m ft & IT * & PR. 

* 'J ♦ «r ^ ^ fq- S ^ 9 S B jdc -k * & • *t^*-flt««*s-fb*lL 



9 



fa it m UHV-CVD » 48, m 4b & it 4§ * LP-CVD • « ^ -f- * 

* * ** JS * * 4* * II (APD)*t ft * ft * afe #J tfc 8 £ *» T • 

5 n Z-M 4 >> Z-® 1%, % 

. if $ >* & ^ *| II (APD)^ a ^ #0 # ft ^ & # *4 # jh, ^ ^ 

n • si 4 a *• # a ^ * it x in * * « * it (apd)^ # « A 

?F * B 0 ^ # B £ * It S it $ ># * 4* *l H (APD)* # pS2 M 
% % % 110 ' 410 - ^ & # 120 » 420 ' ,# 130 ' 430 - € 

10 ( ) 140 • 440 • _L > T & # tl & M 

160 ' 180 • &. % if M (multiplication layer) 150 • 450^nSl & 

M tg- 1: * 170 * 470 ° H ^ % it £ >* ?t 4k m n (apd>#. # 

ffl ^ i7 46 At 2T A*f«f (graded doping) ( t? £. -k a B a 
- Bip fit £ a a B ft # & #j & « 1^] B$- & g #- & # & ) j& -ft «. & 
15 >f 1 20 • 420 • & & f #'J t tt. ffl SiC^L # -fe MP «. & & 

4$ (tensile) M tl M 122 • ffij SiGe^L 3k U & -fc & ** 
m (compressed) M fi M 121 > ft n$ j& ■& it % & & 1$ & 
super-lattice 4 a B a • ^.ftit^^^-f-^^Sfc^ 
it j» £ a B a M -k & ° fij #r «t 4 # & (graded doping) /& -ft 

20 & ># 1 20 • a jR it - ft it t i# ^ ^ ^ # 4$- • ^ « ^ 

M t 120##$Mf W - - ^ * ' SiC/SiGe * 

• -f- # ^ 4 a B B ^ based^ «>J IS tg- ^ ^ 'J> • ♦ PJ- ^ € # 

# # M. 4 ^ # ^ 4 a B a ^ Sk a B a ^ & J& #J & 4k *J IS ^ tb ' ^ 
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ft + &p type ' &it° -Lit "t # *t 

tfi a 9 B^^4 ' ^tlitf t«^iL *> PU & 5fc 56. 
$'] & ft 4t ® » * it * 'J 7t ft JSL M it JSL ° # * ' # B £ n 1 
5 ^7t#^tStft^#^^€^^-^SiC/SiGe * ^ # j£ # 
B s a based^ j*J8S*Att«*£*i»tt**tt-Rfr*t*.>h ' 

- 4& ft • ^ # B £ IQ 1 ^ it ft 4L m — M %L 4 #- # graded dopedM 
^ jtL ^ - 3t € ^ • ^a-rwAo^t^ft ' f ^I^^T 

(>4oghz) • # ^ m i ^ it # x % ft m € -t- # ^ i& m » 

*»Ai«*3t^7t#<kAT*friB«^^6<i'ft» • H * * * ' 
i#BH®U7t#i H a a|.tt^^ 7 # (emitter) SiGe 
based DHBT^i # ^ 4« » «r J-X JSJ jfc jt #MS] — & • & Bfl £>J 

15 7 Si based OEIC tfj »T Ife 'f± • 

ffij 4s. ^ #.J £. # & .JR if £ >f it, <A ftl 33 (APD)M 
t^ltA^il • * A ^ £ H- ' jfc-&Jfii**+£T*.#- 
mmm.& % (drift layer) 130( ^ *» ^ jfi a B a # & *f & V ^ #J 
SiGe^ a B a >i ) • i&m.& M (Drift Layer) 130#, ffl j& B B B /fc & 

20 & Ms ^ 3t lie. 5t #3 * * « # *4 * #. PI- 48, % 8L € £• • H # 
£ (drift layer) 130^: ±.#^^Jfe«t^.P*-4g,3Mfc«^»il.lt:^ 
^ ^ € Uf # It € fcfe it # - a A ts it it to # # ^ it 
& • £.*5T$fcfc| t ' tt»^4f (drift layer)130Jj, # # 4L 3? 

• ># • ffij € & ft £ ( *, i& & «l m fk ) 1 4o# m & B B a & #- * 
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*£&#>4-^f£##>i (Electric Field Buffer Layer) at 
120#o«l## 130#J $ >f ° -fc^tfafcW t • t£ 
( ) 140J5;p5}(^n^)#^^^^ • t B 1 

5 7t###B£»«J&-#'BJ&fcJ&igjfc i f (Field buffer layer)140 
#jllfl##t>fc3&3|#j£4#>f (multiplication layer) 150' # -ft 

ta^T^-^f^-fs. • mxm.siL > ^ * g it ^ & m ±- 

J£ • ^ # ^ it & ' ' i^^^^X.^-^ ' ^af€ 

io ^ * °& -I- *4 # * * - 

It * * # B 2 A IB 4 • BU|2^^ # g 

it $ >t « *J H (APD)X - ^ iH m # ^ ^ BI • SI 2#. * 
^ ^- 5. # # ^ ^ B £ I if %h >* OH *J ti (APD) • * * fr\ 

**jRit**jfc<iH *i n (apd)* # pas * * & a * 210 • «. 

15 &># 220 ' m&R 230 ' <fJ# ( *3ft iRlftflJ^ ) 240 • 

% H /# (multiplication layer)250,& n^l & $L S. M 260' &. 
n$!£Jl #*5#280 ' p^^r>i#j^^ 270 • * fl 1 $fc #J =. i # 
- & *f & « 2»J SS (APD)#J -7- t ' # « InAlAs& g if 

$ >t * 250 ' a ^ InAlAs £ if $ >t # £ ' & € ^ *t B 4tf ife 

20 A^«>W^l-fl&]fcft*4* «l± *° ^ a B B # ' « it # 

InAlAs^t j£ if $ ># >§ 250 - £ ^ «fe #J t ' # $m ># ( * JH 
# 4 ) 230#, InP# n ' ID * # ^ & it -ft & -ft; * 

BLMZhM-grfi + & ' T*JfcPf"feit#««.i* 

it € # 4ft it JSL • i*f4«t ' 31 & ># 220 Jfl # 
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InGaAs# • @ & InGaAsP *^ ^ # # tt & i£ -ft # # 

-ft * *s 3£ #3 °& 4fc ^ ^ A #j t # tfr A • ^ * * «fe #J t *. 
& % 220 ^ InGaAs ##4 ' ^*:##r^^## (graded 
doping) ' fl3a|li£-f*33ft<tJ# ' ^ it 4f ft£ ft («iof 
5 -7- )o fcfr] t ' € -f- m-ft fk 212 Ji; InGaAsP' @ InGaAsP 

T*jfc«-f-iSlitj4*1lfc$'Jp^*.tf-aa^*210- *n € ^i&i&Jt 

( )24o&m m&m^tfi& ir am 

at * W * * * # tt (p* * n32 ) • <a*Jt*tJt*0 + *lt##r 
,# InAlAs (Electric Field Buffer Layer) & B* jt«. 220*» 
10 230# $ ># ° «*7*iH« § # ' t ft 

ft #f # 4£ InGaAs InP>% 4& InAlAs » InAlGaAs * & A 
InGaAsP^ & & #J & Tzl M 2 1 0 » 260 » # b£ ^ 4^ * «fe 

w ^^mM^^^^^rM-^m m & m u > & # a =. 
15 **■ #. as ^ %t w ^ n 3 - w 3 * w ^ x - * «t ir «fe 

0 £ # tffc * SI 1 m ^ # *a IS) • is. %l & * -f- # # #1 © ft 
m A (re-growth)^ ^^^^fite^****!***:^* 

^# + te###^#*tt««3fc5ft* 322»^jfcftJfe#*|i& 
4* ft 5fc 5ft # t£ ' * f m 5fc 5ft f >J * © 0 ffl ^ ^ & ® 1 t & 
20 >f 3206*7 * -f- # R£ >f # b£ 0 yf ft ft $ # A n£ ' € 3*1 
**fi#.&*3fc5ft£J*h® * tfj m M • ^ ^ * «fe *J t ' « € 
5fc 5ft ># 322,% P + -Ge^cP+-SiGe • 

tfr #- fiS # *R 4L IB 4 • ffl 4 W Z_ - * It t <H ° 

**Hfc#4*&l8im^*aK'to(fcjfctf-fc4** ' 1 60 > 180)» 
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is. A i% it ffl ffi « S'J * & -L $ Jl ^ M #] (etch mesa)& 
J^^n+-Si*fe490i • ffl 4***1 * ft * 
H (APD)^ # p3H ^ ^4 410 ' 420 ' 430 • 

€;*fi&&>f ( A a& & .^^>t ) 440 • j£ if >t (multiplication 
5 layer)450^n^Jt^^4 470 • ® 4 % if $ >* & <fc *'J 35 (APD) 

m * £ # & & * # *r it m & % £ it * «l 4a *fc * 

UH V-C VD "f& 4t ^ H 4a # LP-C VD > j& ^ jft ^ B a B MBE 
# # /& -fc ^ n+ Si* & Ji 0 £ i£ 7t # #J ® .h !£. »T 

a it # *b -ft ffl Si0 2 A fft ^ -f St ^ ^7 PMGI % fjfc A 
10 (passivation)480 a & 46, of € A >^ *£ #J it $ >f #J "Sf & '14 • 
^^f^fe^'J t ' n+&p+6ij3&*#&#410 ' 470^ # -jt If] — -f- 

flj ) IS ?l411>>v&j-(Mi&p#*&^^r/§ &*5) ° 

^#-flR*.#W4lB5" ffl 5 & * # ^ X - #L It * * 

15 *j • b 5 * * *j j*- it g *# $ >t & ikm n (apd>* % P m & m 

^*g/§510' £ % tip £jp$LfcfiLM ^(Distributed Bragg 
Reflector)5 1 1 • <%L & J§t 520 • g% & A 530 • H J# i& & A (A 
s&i&iS&fcrA ) 540 > g if yf (multiplication layer)550 > An 
22 M, € A 570 • £- A Ifc ,«# 4H & ffl 1 A ffl 4m 7F * 4a m 'is. 
20. W m % £ B a a A to #- & m %L # SOI (Silicon On 
Insulator)*^. 590 Jl > # ^ <&. to /f 520 Jl it ft it # & 4a >ft # 
(CVD)A %*&%48Ltti*&&X&&ft&ik&A%&JZLftt 
^ &] £ A fri%£ t tf$LfeBL%[ & (Distributed Bragg 
Reflector)51 1 • *> *t ^ % <f£ ffe 4£ * 5 9 0 4& W ^ M it i§ 
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£.^^fl$ft&Em^&># 520£'>M&^'fc''f£ SRI i^if ^ 

& a jib it o # ^ 7t ^ a a B 4 m m n. tt&& 

5 ft #- as ^ afl ^ bj 6,51 @ 7 • H ffl 7 * # b£ 4l X - 

* *i * *fc fc! ' & #Hfc*tf#&K4#r7F* ft to '<aa« e ^ 
H W#^f ^/^« # T*St*&«4H60- 180 > 210 * 

■ 260> ^ ffl 1,2^ ^ • ffl 6 **fc JR 3t * * *l SI (APD) 

*#p32 tf- & &># 610 • 620 ' jR^^ 630 > t ^# 

10 3^1$.^ (&3it&*S.4ir#) 640 > % J§ (multiplication 
layer)650^n^l ^4 If- « >§ 670° ffl l^fofr] A fft i ^ 1 *g 
JH * «I fi (APD)^-^p^ ifeife & ft # 710 ' 700 p^ 
4^^^ ' 720 ' 3H^># 730 > ( 

&ffiJ§ ) 740 (multiplication layer)750 > nSH & & 

15 & 760 ' ^.nf <t #770 > p^T <t + pi. 4# * 780 • • ^ 

m%frm%$£^$itf! • ji^iijifct^^ apd > & - *t 

r°7 jp- ' J£ # i. Ift d ifc b b b # (photo-absorption layer, 

20 electric field buffer layer, drift layer, multiplication layer) 
Uj & © *o J& £|W£ ffl ^ B a a - 4b * a 4a >7l * - # & & #3 # A % 

H # * SOI*, -L • J* 4* ' 
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& 7t # # A /f ^ # ^ £f ife, & ^ #J ife. & tf- ^ • rfij t & S'J 

# /& ^ & % ^ & ^ |£ # f & o 

-ft. & *fc £ 4- 3" 36 ' i§^^ • TWffl 

re-growth ^^•*^ 1 ^^,>ft«.7fc>t^Ji^r-fedJ-^T^«. 

# ' *f t®f aU^lt^slffe ' *»<bft7tt 
ifo DHBT € a B a It * DHBT f a «^T^|^t^#| B U« 
4t M ^ • ffij -ft APD t #J Electric Field Buffer Layer »T ffl £fc -f- 

# 4fc #J 3" s*. it • i£ # DHBT, APDf ' a ffl #r * 

o *o ffl ZJSl ffl 9 #J >5T ^ 4, ^ ffl ^ B B a *a E9 ^ & ^ ?$- |f a ^ 

J: ^ 4* if J* ^ * #. ^ ^ Jl ^ 4t ti J* >if g it nn >t 4fi fc'J 

ft APD 801 ' 901^^^-14 € b b h It DHBT 802 » 902-ft 4 #■ & 

15 

-t it ^ m 4t # ^ r 2r «. t& b ^ w & • # a ^ m 

i. ft *fl ft SI @ M a t 1* # *J & ffl m & % * » ffij # « m 

20 [ ffl & ffi B£ ] 

II 2 -ft # «!/! X a J= i ;& ^ # ft & & $ ^ # m ' 
B3^.^#iflX- *fc #J ^ 4t *] © * ffl • 

ffl 4<& ^ # m X - ^ ^ ^ ^fe *.J «| *J 36 7F * B ° 
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m 5#. # m x - & # ^ & in ^ m #j ® tf * si • 

I6#.^f ^ X — $& #: If £fc #«J W ns; m & # *4 %> W 4t £'J 

fit} 7F ^ SI ° 

m 7#. # w x - & it m m a =. i ^ ^ # # & #j ^ 

*J » * ffl • 

m 8# #• B/j * >fe #j & - £ ^ <f £ I* £ ^ ^ - SOI* 

4l ^ *j ® & n 8 

m 9fo& # afl % - ft 3fc £4 & - ^ «l± € B e a It £ ^ tfr - SOI 

& jig. ^ # *j ® * n ° 



[ IB St W 3 

110 p^J 4t M f- t 120 121 4fctftjfc£4 



122 jfc ># 130 

140 mtiLm.m& 150 gJtJt . 160 n^^^&M 

170 n ^ 4 tf- f 180 p^b&^&M 

210 p ^ jfe tj- & ft 212 ^^FJ.^t^ 260 n^)if 

220 230 l^^yf 270 nf ^ J 

240 i& &&#r4 250 g if £ 

280 p 51 & M & «S 
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310 pm&MQ'^JIt 320 <8L&% 322 % ffi 3fc Hl ># 

410 p&i&m&M 411 iji fir S ?L 

420 430 % 

440 i&i&^#r># 450 jgifA 470 nm^M-kM 

480 £M£,f 490 ^fe 

510 p^^4^€^ 511 JpfrfeBLMm. 

520 530 

540 5&%L$gim& 550 570 n2!^,§^f/i 

580 fol&R 590 

610 pg 

620 630 

640 4 650 670 n^J^^t^ 

710 p^&^&M 700 p & Mi # 760 n^&^&M 

720 730 780 «-?-ib.#* 

740 m^l^m^ 750 £,:*£># 770 ir| t) 

801 %V£ij?n%jtlkmn 802 <g & f 

901 % if nn >t * n 902 f fllif # B f 

902 Jp#LfeZLM$t 
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1. -*JR**J»7tifc<**ISI (APD) > : 

- & «L £ (absorption) » » ffl W «. & 
AUt* ' it # & & ft (carrier) » J. t£ * «. & M 

5 (absorption)^, : M ^ 4 # #fc (graded doping) $i 

- g if (multiplication) » fo&&$-tfc*-%~$-Q 

- & ft & Of 4 (field buffer layer) » ' 
J- & * ^ i£ & «. »& £ A t£ g it £ 4^ ffl > sa^^l^ . # 

io t«J#****JR**#:«& 

-m,&M (drift layer) ■ ^,-^^#^^E9-f^lt • 
it*.i*Mga|jRiSi.^^ (field buffer layer) & t£ & «. & ># 
(absorption)^ ft » ffl a P£ 46. H£ 3& • 

15 (APD) > & fLtL&- % ~ ~^&J% > 

- & £ (absorption)***. ^ig^-^ft>fA^iai^^ (drift layer) 
4l ffl ' t£ & »& £ (absorption)te % - fitft 2Lt&m.& 
M (drift layer)^ ffl ' JL#]RJ#£to3Sfr«#Ji.$'*t£-a.f*i£ 
&^#r>i (field buffer layer)^ 53 • 

( APD ) »*H&^-#-&!f.*A#^&**'ttfc*. 
& £ (absorption)ta % - & % M Sl it m. ft M (drift layer) 

(field buffer layer)^. Fa] • 
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4. *»tlt##i!£B#l*/tfifc^JR*tJfi**'tt *J ii 
( APD ) ' *Jl&t--|--H^^tlal-l^l&^ 
tla ' ^t^^ 0 !^^ (absorption) A tS S ^ I 
(multiplication)^ — ^>f>S.4t^:MA^^>t^ 

5 <t«k4L« - 

( APD ) » Jt & ^ - #J ift 1. jfc & « >l§l & 5ft. ># ' ffl W J$ ft 
& i£ & >§ (absorption) > J£i£&i£fc«.>!fc# 

(absorption)^ f£ ^ - t£ ft * ' Ja#f&.3i3fcf&i£&?&'!$L# 
10 (absorption)^ ^ >|S) J. t£ ^ — # ft J% » 

6. *»*1fr.*.#J|£ffl#lJJi/*fj&*- * it * * * « «J 88 
( APD ) - ^ tt^7iG^i|fc^|,f t# 

7. in t * # ** la Ba « i * #t it ^ x n # fk * <* m n 

15 (APD) ' £• t f£ & °& «&Jf ' i£ f> if % (multiplication) » %%. 
it l£^#r >f (field buffer layer) > f£ fg, (drift layer) ^ 

8. ^*1fr#*I|£ISan#/tfi£^JR3tJSi>** ^ »J S3 
( APD ) ' t M It 18L ifc J% ' %%. % 3t ># (multiplication) • f£ 

20 it & $%.%tM (field buffer layer) » t£ fa, # >f (drift layer) Js, =. 

i^-ff-ft^^-i^-f^ft^^ • 

9. *i t tf * jf'J |& ffl g 1 3* m it g *f $ ># & 4* *J ii 
(APD) » *t^7t,«.«lt>t^p2!^.n^l^>*»f^4##^$ 
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##4LSiGe ' SiGeC • SiC/ SiGe £ M 4 a B a • Si/SiGe£ # 
4 a a a ' Si/Ge4 I£ (quantum dot) • 

10. -kp t n * *-j ft @ is i ^ m i& ^ x ^ a ># * <* «i n 

(APD) ' £ t t£ g if # (multiplication)^ ^ # $t Z-ty % ' 
5 » ^ ># (drift layer) * #- 4fc ,# ' 

(field buffer layer)^ s& n32 4 # gfc 4l ^ >f ° 

1 1 . *» t ff * #'J ft SI 9 1 * Hf it K *f * * * <* « it 
(APD) » & + »&,f &p3! InGaAs.' t&ffl,&J% (drift 
layer) ife. #- # 4LlnP » t£ i& (field buffer layer) & 

10 pS!l InAlAs • i% % H M % ##InAlAs • 

12. *» t # * #«J ft ffl * 4^^fsfc4L)RJtJ!H*^« m n 

( APD ) * &*t&%- £ % ELte&Lte.jBL--%~% BLm&tta. 
& tip & It $l & J5L fti 4fc * 

13. *> t tt * *i ft n # 5* m it ^ x # w >t * 4* m 

15 8 ( APD) ' £■ t t ^ 5fc 5fc# & P+-Ges& P+-SiGe • 

14. *» t tt * ft n $ 3^ m it 4l x it jb * * « au n 

( APD ) - *t^*A|f^^^t7fctf ^^ri^f 
i& i£ ^ Jl ° 

15. *i t tf ft B9 * 2*4#53Smi£*-JRJ*Jii*jfc 
20 *J II ( APD. ) '& + t£&>^##fc&*£7k4£^#4$^^ 

1 6. *o t ffr * *'I ft SI II 1 ^ m it ^ % *t A >t & ik *I H 
( APD ) ' & #> a £S Ji £ 4b #t 11*3 v£ UHV-C VD • 4& M 4 b 
* >£*t LP-CVD • & ^ -f- jft j& B a a MBE#J -frvktyfo • 
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1 7. *o f tf 4 #1 3& @ * 1 31 m i£ 4L £ if Jfi * * <* *l it 
( APD ) ' & 4fe « & £ £ 4t #t $fc ^ UHV-CVD • 4& J£ 4b 
* a #J ifc # LP-CVD • * ^ -f- jft & a a a MBE # ^ & ft jfc 
SOI (Silicon On Insulator)^ ° 

5 18. *»t«t* 33«mat^.XitJ«**««JII 

( APD ) »* + t*jfc^i|fc*»i*JRif#'tt*jfct|-fe4l* 
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